Classification
Physics Abstracts 68. 30 -79.20 N In previous experimental work on the scattering of helium by (100) copper we have shown that [1] :
1) The specular peak of helium is a coherent elastic peak.
2) Its amplitude depends upon incidence angle, beam energy and crystal temperature through a Debye-Waller factor 2 W. where I is the specular peak intensity, 10 is the incident beam intensity. 2 [1] .
3) In plane diffraction is not observed within our experimental flux sensitivity (0.00110).
In the analysis which has lead to these conclusions we have assumed that the experimental surface was a perfect crystallographic plane. This is an idealized situation since in practice there is certainly a random distribution of steps on the surface. In order to check the influence of these geometrical defects we have done the same experiments on a sample which has been macroscopically roughened.
The experimental set-up is the same as that in the previous work [1, 2, 3] A better comparison between the calculation and the experiment is achieved when the quantity (1110) e2 W is plotted instead of (1110). This is done on figure 3 for the lower energy experiment. For 9; ranging from 350 to 750 the position of the extrema agrees with the calculation within experimental accuracy. Below 350 the signal is very low and the signal to noise ratio becomes very bad so that the accuracy of the measurement is poor.
In order to give a more quantitative description of the experimental results we have to make some assumption about the step distribution on the surface. The problem of the scattering of a wave by a randomly stepped surface has been already studied in connection with LEED experiments, particularly by Houston and Park [5] , and Cowley and Shuman [6] . The direction. Let this area be a fraction ~ of the total sample area then the true intensity ratio must be that given by [4] multiplied by (1 -~) . An exact evaluation of the ~ parameter would involve the knowledge of the exact He-Cu potential in the vicinity of the step edges. As this is not known ~ may be regarded as a fitting parameter.
The coherence length of our beam may be evaluated from the formula given by Pendry [7] If the terraces all had the same width they would form a regular array from which diffraction effects would appear. Indeed diffraction from a regular array of steps has been reported [8, 9] . But in the present case we checked that they were actually not present which is a good proof of the randomness hypothesis.
From the value of ~ we can estimate that the length along the surface where the potential is perturbed by a step is of the order of 2 unit mesh. This value is quite reasonable since the diameter of the helium atom is of the same order as that of the unit mesh.
This model also explains two observed trends : 1) When the beam energy is raised, A decreases, so that the coherence length also decreases and the ratio Iroughllsmooth becomes smaller in agreement with the experimental result.
2) 2) It is reasonable to think that the fraction ~ of the beam which is scattered by the steps may be an increasing function of the incidence angle. 
